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METHOD AND APPARATUS FOR DATA 
COMPRESSION IN MEMORY DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. patent applica 
tion Ser. No. 09/139,838, ?led Aug. 25, 1998, now US. Pat. 
No. 6,295,618. 

TECHNICAL FIELD 

This invention relates to integrated circuit memory 
devices, and, more particularly, to a method and apparatus 
for reading data from memory devices in a compressed 
manner to expedite testing of memory devices. 

BACKGROUND OF THE INVENTION 

Integrated circuits are extensively tested both during and 
after production and, in some cases, routinely during use 
after they have been installed in products. For example, 
memory devices, such as dynamic random access memories 
(“DRAMs”), are tested during production at the Wafer level 
and after packaging, and they are also routinely tested each 
time a computer system using the DRAMs executes a poWer 
up routine When poWer is initially applied to the computer 
system. DRAMs are generally tested by Writing knoWn data 
to each location in the memory, reading data from each 
memory location and then determining if the read data 
matches the Written data. As the capacity of DRAMs and 
other memory devices continues to increase, the time 
required to Write and then read data from all memory 
locations continues to increase, even though memory access 
times continue to decrease. 

Various proposals have been made to decrease the time 
required to test memory devices, such as DRAMs. The time 
required to Write knoWn data to memory devices has been 
reduced by such approaches as simultaneously Writing the 
same data to each column of each array in the memory 
device one roW at a time. Other approaches include internal 
circuitry for transferring data from each column of one roW 
to the next Without requiring the memory to be addressed. 
These approaches have reduced the time required to Write 
knoWn data or a knoWn pattern of data to the memory array. 

Solutions have also been proposed for reducing the time 
required to read data from memory devices so that the data 
can be compared to the data Written to the memory devices. 
One approach to solving the problem of excessive read times 
relies on data compression in Which data from a direct 
current sense ampli?er for one memory array are internally 
compared to the data from a sense ampli?er of a different 
memory array. Simultaneously reading data from different 
memory locations in tWo different arrays has signi?cantly 
reduced the time required to read data from memory devices 
for test purposes. HoWever, combining data from multiple 
sense ampli?ers requires the addition of circuitry and con 
ductors to couple the outputs of the multiple sense ampli?ers 
to comparison circuitry. As the circuit features of semicon 
ductor devices become more densely packed, there is less 
space available to route conductors from each sense ampli 
?er to a single location and to provide additional circuitry to 
combine the outputs of the direct current sense ampli?ers. 

There is therefore a need to be able to read data from a 
memory device in a compressed form to reduce testing time 
that can be implemented on integrated circuits having very 
densely packed circuit features. 

SUMMARY OF THE INVENTION 

In accordance With one aspect of the present invention, a 
test circuit is included in a memory device having at least 
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2 
one array or bank of memory cells arranged in roWs and 
columns, a pair of complementary digit lines for each 
column and a direct current sense ampli?er that couples data 
from a digit line selected by a column address to an external 
data terminal of the memory device. In accordance With one 
aspect of the invention, the test circuit includes a direct 
current sense ampli?er that also provides a Wired-OR func 
tion combining data from several digit lines to one set of 
complementary I/O lines. When data from one memory cell 
differs from data from another cell and these data are being 
combined, both of the complementary I/O lines are loW, and 
a detector circuit produces a “fail” signal. As a result, data 
can be read from the array in compressed fashion, eg from 
tWo columns at a time, thereby increasing the rate at Which 
the memory array can be tested after background data have 
been Written to the array. Although the memory device may 
have only a single memory array, it may also have multiple 
arrays, in Which case columns from different arrays may be 
coupled to the inputs of a DC sense ampli?er in the test 
mode. The coupling betWeen the inputs of the DC sense 
ampli?er and the digit lines is preferably through a pair of 
data lines coupled to the inputs of the DC sense ampli?er, a 
pair of I/ O lines for each of the arrays to Which the digit lines 
of an addressed column are connected and a multiplexer 
selectively coupling tWo of the I/O lines to the data lines. 

In accordance With an aspect of the invention, the test 
circuit may be used in a memory device that is connected to 
a test system. In such case, the test system may ?rst Write a 
knoWn pattern of background data to the array folloWed by 
reading data from pairs of different columns of the memory 
device, as explained above. The read data are then examined 
to determine if the read data correspond to the pattern of 
background data Written to the array, thereby providing an 
indication of Whether the memory device is operating prop 
erly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli?ed block diagram of a conventional 
memory device that may use an embodiment of a test circuit 
in accordance With the present invention. 

FIG. 2 is a simpli?ed schematic diagram of a prior art DC 
sense ampli?er than can be used With an embodiment of the 
present invention. 

FIG. 3 is a simpli?ed schematic diagram of a portion of 
a memory device in accordance With an embodiment of the 
present invention. 

FIG. 4 is a block diagram of a portion of the memory 
device of FIG. 1 including a test circuit in accordance With 
an embodiment of the present invention. 

FIG. 5 is a block diagram of the memory device of FIGS. 
1 and 4 used With a test system to determine Whether the 
memory device is operating properly in accordance With 
embodiments of the present invention. 

FIG. 6 is a block diagram of a computer system using the 
memory device of FIGS. 1 and 4 in accordance With an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An embodiment of a memory device that can advanta 
geously use an embodiment of a test circuit in accordance 
With the present invention is illustrated in FIG. 1. The 
memory device shoWn in FIG. 1 is a synchronous dynamic 
random access memory (“SDRAM”) 10, although the test 
circuit may also be used in other DRAMs and other memory 
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devices. The SDRAM 10 includes an address register 12 that 
receives either a roW address or a column address on an 

address bus 14. The address bus 14 is generally coupled to 
a memory controller (not shoWn in FIG. 1). Typically, a roW 
address is initially received by the address register 12 and 
applied to a roW address multiplexer 18. The roW address 
multipleXer 18 couples the roW address to a number of 
components associated With either of tWo memory banks 20, 
22, depending upon the state of a bank address bit forming 
part of the roW address. Associated With each of the memory 
banks 20, 22 is a respective roW address latch 26, Which 
stores the roW address, and a roW decoder 28, Which applies 
various signals to its respective memory bank 20 or 22 as a 
function of the stored roW address. The roW address multi 
pleXer 18 also couples roW addresses to the roW address 
latches 26 for the purpose of refreshing the memory cells in 
the memory banks 20, 22. The roW addresses are generated 
for refresh purposes by a refresh counter 30, Which is 
controlled by a refresh controller 32. 

After the roW address has been applied to the address 
register 12 and stored in one of the roW address latches 26, 
a column address is applied to the address register 12. The 
address register 12 couples the column address to a column 
address latch 40. Depending on the operating mode of the 
SDRAM 10, the column address is either coupled through a 
burst counter 42 to a column address buffer 44, or to the 
burst counter 42, Which applies a sequence of column 
addresses to the column address buffer 44 starting at the 
column address that is stored in the column-address latch. In 
either case, the column address buffer 44 applies a column 
address to a column decoder 48, Which applies various 
column signals to respective sense ampli?ers and associated 
column circuitry 50, 52 for the respective memory banks 20, 
22. 

Data to be read from one of the memory banks 20, 22 are 
coupled to the column circuitry 50, 52 for one of the memory 
banks 20, 22, respectively. The data are then coupled to a 
data output register 56, Which applies the data to a data bus 
58. Data to be Written to one of the memory banks 20, 22 are 
coupled from the data bus 58 through a data input register 60 
to the column circuitry 50, 52 and then are transferred to one 
of the memory banks 20, 22, respectively. Amask register 64 
may be used to selectively alter the How of data into and out 
of the column circuitry 50, 52, such as by selectively 
masking data to be read from the memory banks 20, 22. 

The above-described operation of the SDRAM 10 is 
controlled by a command decoder 68 responsive to high 
level command signals received on a control bus 70. These 
high level command signals, Which are typically generated 
by a memory controller (not shoWn in FIG. 1), are a clock 
enable signal CKE*, a clock signal CLK, a chip select signal 
CS*, a Write enable signal WE*, a column address strobe 
signal CAS*, and a roW address strobe signal RAS*, With 
the “*” designating the signal as active loW or complement. 
The command decoder 68 generates a sequence of control 
signals responsive to the high level command signals to 
carry out the function (e.g., a read or a Write) designated by 
each of the high level command signals. These control 
signals, and the manner in Which they accomplish their 
respective functions, are conventional. Therefore, in the 
interest of brevity, a further explanation of these control 
signals Will be omitted. 

It Will be appreciated that While this discussion mentions 
only tWo memory banks 20, 22, four, eight etc. memory 
banks 20, 22 may be coupled together to provide a greater 
degree of data compression. It Will also be appreciated that, 
While this discussion is in terms of compressing data from 
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4 
multiple memory banks, data from multiple columns (or 
roWs) Within one memory bank may be compressed in a 
similar manner. In one embodiment, the memory cells 
providing the data that are compressed are also memory 
cells that Would be replaced as a group by roWs or columns 
of redundant or spare memory cells (not illustrated). In this 
embodiment, there is no need to test the memory banks 20, 
22 individually because, When a memory cell at one location 
is replaced With a ?rst redundant memory cell, a correspond 
ing memory cell in another location Will be automatically 
replaced by a second redundant memory cell. 

In another embodiment, When testing determines from the 
compressed data that a memory cell in at least one of the 
memory banks 20, 22 is defective, individual testing of the 
memory cells in each memory bank 20, 22 alloWs more 
precise identi?cation of the defective memory cell Without 
substantial compromise of testing speed. 

FIG. 2 is a simpli?ed schematic diagram of a DC sense 
ampli?er 80 that can be used With an embodiment of the 
present invention. The DC sense ampli?er 80 is of a type 
described in “A 40-ns 64-Mb DRAM With 64-b Parallel 
Data Bus Architecture” by M. Taguchi et al., IEEE Journal 
ofSolid State Circuits, Vol. 26, No. 11, November. 1991 and 
includes inputs 82, 84‘ coupled to PMOS transistors 90 and 
92, each having a source and gate coupled to a respective 
one of the inputs 82, 84. The transistor 90 is coupled to 
transistors 94, 96 in a current mirror con?guration that 
provides a ?rst current gain (x1 for a signal current I1 on the 
input 82. The transistor 92 is coupled to transistors 98, 100 
in a current mirror con?guration also providing the ?rst 
current gain (x1 for a signal current I2 on the input 84. 

NMOS transistors 102 and 104 form another current 
mirror ampli?er having a current gain (x2. An output current 
IOUT on the output 82‘ is thus IOUT=ot1I1—ot1ot2I2, and an 
output current IOUT* on the output 84‘ is described similarly, 
but With I1 and I2 interchanged. This type of DC sensing 
ampli?er 80 provides high current sensitivity, Which is 
advantageous When the added capacitance of additional digit 
lines and I/O lines is coupled to the inputs 82, 84. This type 
of direct current sense ampli?er 80 also biases the inputs 82, 
84 toWards Vcc. As a result, a Wired-OR function may be 
realiZed by simply coupling tWo or more open-drain FETs to 
one of the inputs 82, 84 to the DC sense ampli?er 80. 

FIG. 3 is a simpli?ed schematic diagram of a portion of 
a memory device 10 in accordance With an embodiment of 
the present invention. In operation, the column decoder 48 
selects a column by activating either a read line 120 or a 
Write line 122. The read line 120 is coupled to gates of 
isolation transistors 124, 124‘. The isolation transistors 124, 
124‘ have sources coupled to ground and each has a drain 
coupled to a source of one of digit line read transistors 126, 
126‘. The digit line read transistors 126, 126‘ include gates 
coupled to digit lines D+ and D, respectively. As a result, a 
sense ampli?er 130 (FIG. 4) can read data from a memory 
cell (not shoWn) in the memory bank 20 through the digit 
lines D, D+, and couple the data from the memory cell to the 
data bus 58. Similarly, data from the data bus S8 can be 
Written to the memory cell When the column decoder 48 
activates the Write line 122 to turn on the Write isolation 
transistors 136, 136‘. 

Because the digit line read transistors 126, 126‘ have 
drains coupled to the data bus 58, and the DC current sensing 
ampli?er 80 of FIG. 2 supplies a pull-up bias at the inputs 
82, 84, Which are also coupled to the data bus S8, drains of 
multiple digit line read transistors 126, 126‘ corresponding 
to different memory cells can be coupled together to one of 
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the inputs 82, 84 to provide a Wired-OR function. As a result, 
data from multiple memory cells may be compressed, alloW 
ing multiple memory cells to be read simultaneously. 

FIG. 4 is a block diagram of a portion of the memory 
device 10 of FIG. 1 including a test circuit 140 in accordance 
With an embodiment of the present invention. To understand 
the inventive test circuit 140, it is best to have an under 
standing of a portion of the circuitry conventionally used in 
the column circuitry 50, 52 in the SDRAM 10 of FIG. 1. 
With reference to FIG. 4, the column circuitry 50, 52 for 
each of the memory banks 20, 22 typically includes one of 
the sense ampli?ers 130, 130‘ for each column in each 
memory bank 20, 22, respectively. The sense ampli?ers 130, 
130‘ each receive signals from, and apply signals to, a pair 
of complementary digit lines 142, 144 and 146, 148, respec 
tively. Thus, for example, When data being read from a 
column in memory bank 20 is “1” the digit line 142 Will be 
at a logic “1” and the complementary digit line 144 Will be 
at a logic “0.” 

As mentioned above, many sense ampli?ers 130, 130‘ are 
provided for each array 20, 22, respectively. In one 
embodiment, the digit lines 142, 144 and 146, 148 of each 
sense ampli?er 130, 130‘ are selectively applied to comple 
mentary I/O lines 150, 152 and 154, 156 by column address 
ing circuitry 160. There is one pair of I/O lines 150, 152 and 
154, 156 for each segment of the arrays 20, 22, respectively. 
In operation, When the column for Which the sense ampli?er 
130 is provided is addressed, the digit lines 142, 144 are 
coupled to the I/O lines 150, 152, respectively, by the 
column addressing circuitry in the column circuitry 50 (see 
FIGS. 1 and 3). Similarly, When the column to Which the 
sense ampli?er 130‘ is coupled is addressed, the digit lines 
146, 148 are coupled to the complementary 110 lines 154, 
156, respectively, by the column addressing circuitry in the 
column circuitry 52 (FIG. 1). 

In response to signals from a test mode controller 159, the 
column select circuitry 160 selectively couples the I/O lines 
150—156 to a pair of complementary data lines 162, 164 that 
in turn are coupled to inputs of a NOR gate 170. The column 
select circuitry 160 is formed by multiplexers 172, 174, 176 
and 178 and inverters 180 and 182. The sense ampli?ers 
130, 130‘ of FIGS. 1 and 4 have previously been turned on. 
Each line of each pair of I/O lines 150—156 is thus at a 
voltage of either Vcc or ground and is coupled to an input 
of multiplexers 172—178. 

In another embodiment, only the columns of interest are 
turned on. As a result, the column addressing circuitry 160 
is not required, and I/O lines 150 and 154 are both coupled 
to the data line 162. Similarly, the I/O lines 152 and 156 are 
both coupled to the data line 164. 
As a result, in either embodiment, a Wired-OR function is 

realiZed When, e.g., I/O lines 150, 154 are coupled to a 
common node that includes a pull-up current source, such as 
the inputs 82, 84 to the DC sense ampli?er 80 of FIG. 2. 
Thus, When the data being read out from the memory banks 
20, 22 differ, both of the data lines 162, 164 Will be at logic 
“0.” The data lines 162, 164 are, in turn, coupled to the 
inputs 82, 84 of the DC sense ampli?er 80 having comple 
mentary output terminals 82‘, 84‘ that are normally coupled 
to or part of the data output register 56 (FIG. 1). When both 
of the data lines 162, 164 are at logic “0,” this is detected by 
the NOR gate 170, and a logic “1” on the line FAIL coupled 
to an output of the NOR gate 170 indicates that one of the 
memory banks 20, 22 includes a defective memory cell. 

In a normal mode of operation, the column decoder 48 
selects only one column at a time. In a test mode of operation 
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6 
in accordance With an embodiment of the invention, mul 
tiple columns are active at the same time. In one 
embodiment, a Wired-OR function compresses data from 
both memory banks 20, 22 by coupling both sets of I/O lines 
150, 152 and 154, 156 to the DC sense ampli?er 80. When 
the same data have been Written to both memory banks 20, 
22, but the read data from the tWo memory banks 20, 22 are 
different, both data lines 162, 164 Will go to logic “0.” 

It Will be appreciated that combinatorial logic may be 
used to detect failed memory cells, even in memories having 
very Wide data paths that may be coupled to other circuitry 
in a manner different that that shoWn in FIG. 4, e.g., not 
necessarily having I/O lines and data lines. 

In one embodiment, Weak latches 190 are coupled to each 
of the data lines 162, 164. AWeak latch 190 is provided by 
coupling the input of an inverter 192 to one of the data lines 
162, 164 and the output of that inverter 192 to the gate of a 
PMOS transistor 194 having a source coupled to ground and 
a drain coupled to that data line 162, 164. The Weak latches 
190 may be set or reset in response to changes in the data 
presented on the data lines 162, 164. The PMOS transistor 
194 alloWs the latch 190 to be set or reset by signal sources 
having more robust signal assertion capabilities. 

In operation, the SDRAM 10 is tested by ?rst Writing 
knoWn data to the memory banks 20, 22 by conventional 
means. The data may be Written by addressing individual 
memory cells or by using conventional approaches for 
Writing data to the memory banks 20, 22 for test purposes, 
as explained above. For example, a logic “1” may be Written 
to each memory cell in the memory banks 20, 22 so that 
When the data are read, the non-complementary digit lines 
144, 146 Will be logic “1” and the complementary digit lines 
142, 148 Will be logic “0.” Under these circumstances, the 
DC sense ampli?er 80 Will receive the same signals as When 
reading a logic “1” from a memory cell (i.e., D=“1” and 
D*=“0”) thereby generating a logic “1” on its output termi 
nal 82‘ and a logic “0” on its output terminal 84‘. HoWever, 
it Will be understood that logic “0” may be Written to all 
memory cells in the memory banks 20, 22, or data in some 
other pattern, such as a checkerboard pattern, may be Written 
to the memory banks 20, 22. In any case, as long as the data 
are Written to the memory banks 20, 22 in a knoWn pattern, 
the compressed data applied to the DC sense ampli?er 80 
and the NOR gate 170 can provide an indication of Whether 
the memory cells in the memory banks 20, 22 are operating 
properly. HoWever, the data Written to the memory banks 20, 
22 must be selected so that, When the data is read from the 
memory banks 20, 22, the data and data* Will be at comple 
mentary logic levels. 
A testing system 300 for testing the SDRAM 10 contain 

ing the test circuit 140 of FIG. 4 is shoWn in FIG. 5, in 
accordance With an embodiment of the present invention 
The SDRAM 10 is connected through its address bus 14, 
data bus 58 and control bus 70 to a tester 306. The tester 306 
includes an addressing circuit 312 connected to the address 
bus 14, a data generator 314 connected to the data bus 58, 
a data analyZer 316 also connected to the data bus 58, a 
mode controller 318 connected to a plurality of externally 
accessible terminals of the SDRAM 10 in one or more of the 
buses 14, 58, 70, and a memory controller 320 providing 
control signals to the SDRAM 10 on the control bus 70. 

In operation, the data generator 314 applies predeter 
mined data to the data bus 58 While the addressing circuit 
312 applies suitable addresses to the address bus 14 to cause 
the data on the bus 58 to be Written into the SDRAM 10 
under control of the memory controller 320. During this 
time, the mode controller 318 generates and applies com 
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binations of signals to the external terminals of the SDRAM 
10 to cause the test mode controller 132 to generate the bank 
addressing signals as desired. After data have been Written 
to the memory banks 20, 22 the mode controller 318 
generates a combination of signals to cause the test mode 
controller 159 (FIG. 4) to place the test circuitry 140 in the 
test mode. The addressing circuitry 312 then addresses the 
memory cells of the memory banks 20, 22 under control of 
the memory controller 320 to apply compressed data to the 
DC sense ampli?er 80. The resulting data signals at the 
output terminals 82‘, 84‘ of the DC sense ampli?er 80 are 
coupled through the data bus 58 to the data analyZer 316. 
The data analyZer 316 determines Whether the data read 
from the SDRAM 10 corresponds to the data Written to the 
SDRAM 10. Although the test system 300 is shoWn as being 
used to test an SDRAM 10, it Will be understood that it may 
be used to test other types of DRAMs and other types of 
memory devices. 

The addressing circuits 312, data generator 314, data 
analyZer 316, mode controller 318, and memory controller 
320 can be implemented by a variety of means With relative 
ease by one skilled in the art. For example, these compo 
nents can be implemented in softWare executed by a com 
puter system. Alternatively, the addressing circuit 312 can be 
implemented by a counter that outputs incrementally 
increasing addresses. The data generator 314 can be imple 
mented by a set of pull-up resistors that simply hold the lines 
of the data bus 58 at logic “1.” The data analyZer 316 can be 
implemented by a latch that detects a predetermined logic 
level. The mode controller 318 can be implemented by a 
logic circuit that generates predetermined combinations of 
signals. The memory controller 320 can be implemented by 
a conventional memory controller. The tester 306 and its 
internal components are preferably controlled by a conven 
tional computer system (not shoWn). 

FIG. 6 is a block diagram of a computer system 400 Which 
includes the SDRAM 10 of FIGS. 1, 3 and 4. The computer 
system 400 includes a processor 402 for performing various 
computing functions, such as executing speci?c softWare to 
perform speci?c calculations or tasks. The processor 402 
includes a processor bus 404 that normally includes the 
address bus 14, the data bus 8, and the control bus. In 
addition, the computer system 400 includes one or more 
input devices 414, such as a keyboard or a mouse, coupled 
to the processor 402 to alloW an operator to interface With 
the computer system 400. Typically, the computer system 
400 also includes one or more output devices 416 coupled to 
the processor 402, such output devices typically being a 
printer or a video terminal. One or more data storage devices 
418 are also typically coupled to the processor 402 to alloW 
the processor 402 to store data or retrieve data from internal 
or external storage media (not shoWn). Examples of typical 
storage devices 418 include hard and ?oppy disks, tape 
cassettes and compact disk read-only memories (CD 
ROMs). The processor 402 is also typically coupled to cache 
memory 426, Which is usually static random access memory 
(“SRAM”) and to the SDRAM 10 through a memory 
controller 430. The memory controller 430 normally 
includes the control bus 70 and the address bus 14 that is 
coupled to the SDRAM 10. The data bus 58 may be coupled 
to the processor bus 404 either directly (as shoWn), through 
the memory controller 430, or by some other means. 

Although the present invention has been described With 
reference to a preferred embodiment, the invention is not 
limited to this preferred embodiment. Rather, the invention 
is limited only by the appended claims. Which include Within 
their scope all equivalent devices or methods Which operate 
according to the principles of the invention as described. 
What is claimed is: 
1. A memory device having a normal mode and a test 

mode, the memory device comprising: 
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8 
?rst and second memory arrays, each memory array 

having memory cells arranged in roWs and columns, 
each column of memory cells having a pair of comple 
mentary digit lines; 

a pair of complementary data lines; 
column select circuitry to concurrently couple at least one 

pair of complementary digit lines from the ?rst memory 
array and at least one pair of complementary digit lines 
from the second memory array to the pair of comple 
mentary data lines in response to the memory device 
being in the test mode; 

an ampli?er having complementary inputs coupled to the 
pair of complementary data lines, the complementary 
inputs of the ampli?er coupled to a current source; and 

an evaluation circuit coupled to the complementary data 
lines and generating an output signal having a logic 
value indicative of a pass-fail condition in accordance 
With logic levels of the complementary inputs of the 
ampli?er. 

2. The memory device of claim 1 Wherein the evaluation 
circuit comprises a tWo-input NOR gate having each input 
coupled to a respective one of the complementary data lines. 

3. The memory device of claim 1, further comprising ?rst 
and second latch circuits, the ?rst latch circuit coupled to a 
?rst of the complementary data lines and the second latch 
circuit coupled to a second of the complementary data lines. 

4. The memory device of claim 3 Wherein the ?rst and 
second latch circuits comprise: an inverter having an output 
coupled to a gate of a transistor 

a transistor having a source coupled to a respective one of 
the complementary data lines, a drain coupled to 
ground, and a gate; and 

an inverter having an input coupled to the respective one 
of the complementary data lines and having an output 
coupled to the gate. 

5. The memory device of claim 1 Wherein the ampli?er 
comprises: 

?rst and second ampli?er input nodes coupled to a respec 
tive one of the complementary data lines; 

?rst and second ampli?er output nodes; 
?rst and second pull-up current mirrors, each pull-up 

current mirror having an input, and ?rst and second 
outputs, the input of the ?rst pull-up current mirror 
coupled to the ?rst ampli?er input node and the ?rst 
output of the ?rst pull-up current mirror coupled to the 
?rst ampli?er output node, and the input of the second 
pull-up current mirror coupled to the second ampli?er 
input node and the ?rst output of the second pull-up 
current mirror coupled to the second ampli?er output 
node; and 

?rst and second pull-doWn current mirrors, each pull 
doWn current mirror having an input and an output, the 
input of the ?rst pull-doWn current mirror coupled to 
the second output of the second pull-up current mirror 
and the output of the ?rst pull-doWn current mirror 
coupled to the ?rst ampli?er output node, and the input 
of the second pull-doWn current mirror coupled to the 
second output of the ?rst pull-up current mirror and the 
output of the second pull-doWn current mirror coupled 
to the second ampli?er output node. 

6. The memory device of claim 1 Wherein the column 
select circuitry comprises a sWitching circuit coupled 
betWeen the inputs of the ampli?er and the pair of digit lines 
from the ?rst memory array and betWeen inputs of the 
ampli?er and the pair of digit lines from the second memory 
array, the sWitching circuit coupling the inputs of the ampli 
?er to either the pair of digit lines from the ?rst or second 
memory array When operating in the normal mode, and 
coupling the inputs of the ampli?er to both the pairs of digit 
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lines from the ?rst and second memory arrays When oper 
ating in the test mode. 

7. The memory device of claim 1, further comprising a 
third memory array having memory cells arranged in roWs 
and columns each column of memory cells having a pair of 
complementary digit lines coupled to complementary data 
lines through the column select circuitry, the column select 
circuitry concurrently coupling at least one digit line from 
the ?rst, second, and third memory arrays. 

8. Test compression circuitry for a memory device having 
?rst and second arrays of memory cells, the memory cells 
arranged in roWs and columns, each column having a pair of 
complementary digit lines respectively coupled to a pair of 
complementary data lines through a sWitching circuit, the 
sWitching circuit concurrently coupling at least one digit line 
from the ?rst array and at least one digit line from the second 
array to the complementary dais lines concurrently When in 
a test mode, the test compression circuitry comprising: 

an ampli?er having a pair of inputs respectively coupled 
to the complementary data lines, the ampli?er driving 
each of its inputs to either a ?rst or second logic state 
based on the logic states of all of the complementary 
digit lines concurrently coupled thereto; and 

an evaluation circuit having ?rst and second inputs, each 
input coupled to a respective input of the ampli?er, the 
evaluation circuit generating an output signal having a 
logic state indicative of a pass-fail condition in accor 
dance With the logic states of the ?rst and second 
inputs. 

9. The test compression circuitry of claim 8 Wherein the 
ampli?er comprises a DC current sensing ampli?er having 
inputs coupled to a pull-up bias. 

10. The test compression circuitry of claim 9 Wherein the 
DC current sensing ampli?er comprises: 

?rst and second ampli?er input nodes coupled to a respec 
tive one of the complementary data lines; 

?rst and second ampli?er output nodes; 
?rst and second pull-up current mirrors, each pull-up 

current mirror having an input, and ?rst and second 
outputs, the input of the ?rst pull-up current mirror 
coupled to the ?rst ampli?er input node and the ?rst 
output of the ?rst pull up current mirror coupled to the 
?rst ampli?er output node, and the input of the second 
pull-up current mirror coupled to the second ampli?er 
input node and the ?rst output of the second pull-up 
current mirror coupled to the second ampli?er output 
node; and 

?rst and second pull-doWn current mirrors, each pull 
doWn current mirror having an input and an output, the 
input of the ?rst pull-doWn current mirror coupled to 
the second output of the second pull-up current mirror 
and the output of the ?rst pull-doWn current mirror 
coupled to the ?rst ampli?er output node, and the input 
of the second pull-doWn current mirror coupled to the 
second output of the ?rst pull-up current mirror and the 
output of the second pull-doWn current mirror coupled 
to the second ampli?er output node. 

11. The test compression circuitry of claim 8, further 
comprising ?rst and second open-drain transistors coupled a 
respective one of the complementary data lines to form a 
Wired OR function With the ampli?er. 

12. The test compression circuitry of claim 8 Wherein the 
evaluation circuit comprises a tWo-input NOR gate, a ?rst 
one of the inputs coupled to a ?rst one of the complementary 
data lines and a second one of the inputs coupled to a second 
one of the complementary data lines. 

13. The test compression circuitry of claim 12 Wherein the 
evaluation circuit further comprises precharge circuitry 
coupled to each of the inputs of the NOR gate to precharge 
the inputs to a knoWn logic state. 
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14. The test compression circuitry of claim 12 Wherein the 

evaluation circuit further comprises latches coupled to each 
of the inputs of the NOR gate. 

15. A memory device having normal and test modes, 
comprising: 

at least three memory arrays, each memory array having 
memory cells arranged in roWs and columns, each 
column of memory cells having a pair of complemen 
tary digit lines; 

a pair of complementary data lines to Which at least one 
pair of complementary digit lines from each of the three 
memory arrays are concurrently coupled during the test 
mode; 

an ampli?er having a pair of inputs respectively coupled 
to the complementary data lines, the ampli?er driving 
each of its inputs to either a ?rst or second logic state 
based on the logic states of all of the complementary 
digit lines concurrently coupled thereto; and 

an evaluation circuit coupled to the complementary data 
lines and generating an output signal having a logic 
state indicative of a pass-fail condition in accordance 
With logic states of the inputs of the ampli?er. 

16. The memory device of claim 15, further comprising a 
?rst open-drain transistor coupled to a ?rst one of the 
complementary data lines and a second open-drain transistor 
coupled to a second one of the complementary data lines, 
and a Wired OR function is formed from the ?rst and second 
open-drain transistors and the ampli?er. 

17. The memory device of claim 15 Wherein the evalua 
tion circuit comprises a tWo-input NOR gate, a ?rst one of 
the inputs coupled to a ?rst one of the complementary data 
lines and a second one of the inputs coupled to a second one 
of the complementary data lines. 

18. The memory device of claim 17 Wherein the evalua 
tion circuit further comprises precharge circuitry coupled to 
each of the inputs of the NOR gate to precharge the inputs 
to a knoWn logic state. 

19. The memory device of claim 17 Wherein the evalua 
tion circuit further comprises latches coupled to each of the 
inputs of the NOR gate. 

20. The memory device of claim 15 Wherein the ampli?er 
comprises a DC current sensing ampli?er having inputs 
coupled to a pull-up bias. 

21. Test compression circuitry for a memory device 
having an array of memory cells divided into at least three 
blocks of memory, the memory cells arranged in roWs and 
columns, each column having a pair of complementary digit 
lines, at least one pair of digit lines from each of the three 
blocks of memory concurrently coupled to a pair of data 
lines When the memory device is in a test mode, and in 
ampli?er having a pair of inputs respectively coupled to the 
pair of data lines, the ampli?er driving each of its inputs to 
either a ?rst or second logic state based on the logic states 
of all of the complementary digit lines concurrently coupled 
thereto, the test compression circuitry comprising a logic 
gate having inputs respectively coupled to the complemen 
tary data lines and generating an output signal having a logic 
state indicative of a pass-fail condition in accordance With 
logic states of the inputs of the ampli?er. 

22. A computer system comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the 

processor bus and adapted to alloW data to be entered 
into the computer system; 

an output device coupled to the processor through the 
processor bus and adapted to alloW data to be output 
from the computer system; and 

a memory device coupled to the processor through the 
processor bus, the memory device comprising: 



US 6,819,611 B2 
11 

?rst and second memory arrays, each memory array 
having memory cells arranged in roWs and columns, 
each column of memory cells having a pair of 
complementary digit lines; 

a pair of complementary data lines; 
column select circuitry to concurrently couple at least 

one pair of complementary digit lines from the ?rst 
memory array and at least one pair of complemen 
tary digit lines from the second memory array to the 
pair of complementary data lines in response to the 
memory device being in a test mode; 

an ampli?er having complementary inputs coupled to 
the pair of complementary data lines, the comple 
mentary inputs of the ampli?er coupled to a current 
source; and 

an evaluation circuit coupled to the complementary 
data lines and generating an output signal having a 
logic value indicative of a pass-fail condition in 
accordance With logic levels of the complementary 
inputs of the ampli?er. 

23. The computer system of claim 22 Wherein the evalu 
ation circuit of the memory device comprises a tWo-input 
NOR gate having each input coupled to a respective one of 
the complementary data lines. 

24. The computer system of claim 22 Wherein the memory 
device further comprises ?rst and second latch circuits, the 
?rst latch circuit coupled to a ?rst of the complementary data 
lines and the second latch circuit coupled to a second of the 
complementary data lines. 

25. The computer system of claim 24 Wherein the ?rst and 
second latch circuits of the memory device comprise: 

an inverter having an output coupled to a gate of a 
transistor 

a transistor having a source coupled to a respective one of 
the complementary data lines, a drain coupled to 
ground, and a gate; and 

an inverter having an input coupled to the respective one 
of the complementary data lines and having an output 
coupled to the gate. 

26. The computer system of claim 22 Wherein the ampli 
?er of the memory device comprises: 

?rst and second ampli?er input nodes coupled to a respec 
tive one of the complementary data lines; 

?rst and second ampli?er output nodes; 
?rst and second pull-up current mirrors, each pull-up 

current mirror having an input, and ?rst and second 
outputs, the input of the ?rst pull-up current mirror 
coupled to the ?rst ampli?er input node and the ?rst 
output of the ?rst pull-up current mirror coupled to the 
?rst ampli?er output node, and the input of the second 
pull-up current mirror coupled to the second ampli?er 
input node and the ?rst output of the second pull-up 
current mirror coupled to the second ampli?er output 
node; and 

?rst and second pull-doWn current mirrors, each pull 
doWn current mirror having an input and an output, the 
input of the ?rst pull-doWn current mirror coupled to 
the second output of the second pull-up current mirror 
and the output of the ?rst pull-doWn current mirror 
coupled to the ?rst ampli?er output node, and the input 
of the second pull-doWn current mirror coupled to the 
second output of the ?rst pull-up current mirror and the 
output of the second pull-doWn current mirror coupled 
to the second ampli?er output node. 

27. The computer system of claim 22 Wherein the column 
select circuitry of the memory device comprises a sWitching 
circuit coupled betWeen the inputs of the ampli?er and the 
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pair of digit lines from the ?rst memory array and betWeen 
inputs of the ampli?er and the pair of digit lines from the 
second memory array, the sWitching circuit coupling the 
inputs of the ampli?er to either the pair of digit lines from 
the ?rst or second memory array When operating in the 
normal mode, and coupling the inputs of the ampli?er to 
both the pairs of digit lines from the ?rst and second memory 
arrays When operating in the test mode. 

28. The computer system of claim 22 Wherein the memory 
device further comprises a third memory array having 
memory cells arranged in roWs and columns, each column of 
memory cells having a pair of complementary digit lines 
coupled to complementary data lines through the column 
select circuitry, the column select circuitry concurrently 
coupling at least one digit line from the ?rst, second, and 
third memory arrays. 

29. A computer system, comprising: 
a processor having a processor bus; 
an input device coupled to the processor through the 

processor bus and adapted to alloW data to be entered 
into the computer system; 

an output device coupled to the processor through the 
processor bus and adapted to alloW data to be output 
from the computer system; and 

a memory device coupled to the processor through the 
processor bus, the memory device comprising: 
at least three memory arrays, each memory array hav 

ing memory cells arranged in roWs and columns, 
each column of memory cells having a pair of 
complementary digit lines; 

a pair of complementary data lines to Which at least one 
pair of complementary digit lines from each of the 
three memory arrays are concurrently coupled dur 
ing the test mode; 

an ampli?er having a pair of inputs respectively 
coupled to the complementary data lines, the ampli 
?er driving each of its inputs to either a ?rst or 
second logic state based on the logic states of all of 
the complementary digit lines concurrently coupled 
thereto; and 

an evaluation circuit coupled to the complementary 
data lines and generating an output signal having a 
logic stare indicative of a pass-fail condition in 
accordance With logic states of the inputs of the 
ampli?er. 

30. The computer system of claim 29 Wherein the memory 
device further comprises a ?rst open-drain transistor coupled 
to a ?rst one of the complementary data lines and a second 
open-drain transistor coupled to a second one of the comple 
mentary data lines, and a Wired OR function is formed from 
the ?rst and second open-drain transistors and the ampli?er. 

31. The computer system of claim 29 Wherein the evalu 
ation circuit of the memory device comprises a tWo-input 
NOR gate, a ?rst one of the inputs coupled to a ?rst one of 
the complementary data lines and a second one of the inputs 
coupled to a second one of the complementary data lines. 

32. The computer system of claim 31 Wherein the evalu 
ation circuit further comprises precharge circuitry coupled to 
each of the inputs of the NOR gate to precharge the inputs 
to a knoWn logic state. 

33. The computer system of claim 31 Wherein the evalu 
ation circuit further comprises latches coupled to each of the 
inputs of the NOR gate. 

34. The computer system of claim 29 Wherein the ampli 
?er of the memory device comprises a DC current sensing 
ampli?er having inputs coupled to a pull-up bias. 

* * * * * 
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